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INFUSION CATHETER HAVING AN ATRAUMATIC 
TIP 

FILED OF THE INVENTION 

[0001] The present invention relates to apparatus and 
methods for treating a vascular occlusion, and more speci? 
cally, treating the occlusion by providing an infusion cath 
eter having an atraumatic tip and at least one delivery port 
con?gured to infuse ?uids into the occlusion and dislodge 
the occlusion. 

BACKGROUND OF THE INVENTION 

[0002] Intravascular occlusions requiring intervention 
may be treated using a variety of knoWn medical techniques. 
In each of these techniques, it is desirable to provide a 
retrograde ?oW potential at the treatment site. This causes 
emboli that are liberated during treatment to ?oW in a 
proXimal direction, so that the emboli do not travel deeper 
into the vascular bed and cause further occlusive events 
resulting in infarction and/or necrosis. 

[0003] A commonly knoWn technique for treating a vas 
cular occlusion involves delivering lytic agents to the site of 
the occlusion to dissolve the occlusion. One draWback 
associated With such lytic agents is that they may facilitate 
bleeding and/or cause damage to the vessel Wall. 

[0004] Previously knoWn infusion guideWires or catheters 
have been used to deliver such ?uids to a treatment site. For 

example, US. Pat. No. 6,027,461 to Walker et al. (Walker) 
describes a tubular outer sheath having proXimal and distal 
ends and a lumen extending therebetWeen, Wherein the 
sheath comprises a plurality of infusion ports disposed in the 
sheath Wall near the distal end. An integral core Wire is 
disposed Within the lumen of the outer sheath, and is af?Xed 
at a distal tip of the outer sheath to increase pushability of 
the outer sheath. An annulus formed betWeen an inner Wall 
of the outer sheath and the integral core Wire de?nes an 
infusion lumen, Whereby ?uid may be delivered to a vas 
cular treatment site via the infusion lumen and the infusion 
ports of the outer sheath. 

[0005] The device described in the Walker patent has 
several draWbacks. First, the integral core Wire, Which is 
af?Xed Within the lumen of the outer sheath, comprises a 
relatively large pro?le Within the outer sheath, Which in turn 
reduces the infusion lumen area and may hamper ?uid 
transfer to the distal end of the outer sheath. The device is 
con?gured to permit the introduction of drugs or lytic agents 
to a treatment site, hoWever, as noted above, the use of such 
lytic agents may facilitate bleeding. Additionally, the ?uids 
that eXit the infusion ports are infused into the occlusion in 
a direction that is orthogonal to the outer sheath, Which may 
cause emboli that are liberated during the lytic process to 
travel in a direction doWnstream from the occlusion, thereby 
making them dif?cult to retrieve from a patient’s vessel. 

[0006] In vieW of these draWbacks of previously knoWn 
systems, it Would be desirable to provide apparatus and 
methods for treating a vascular occlusion by infusing ?uid 
into the occlusion to dilute the occlusion and reduce adhe 
sion of the occlusion to the intima of the vessel Wall. 

[0007] It also Would be desirable to provide apparatus and 
methods for treating a vascular occlusion by infusing ?uid 
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into the occlusion in a proXimal direction so that emboli 
generated may be urged in the proXimal direction. 

[0008] It further Would be desirable to provide apparatus 
and methods for treating a vascular occlusion that utiliZe a 
centering device to assist in positioning and stabiliZing an 
infusion catheter Within the occlusion. 

SUMMARY OF THE INVENTION 

[0009] In vieW of the foregoing, it is an object of the 
present invention to provide apparatus and methods for 
treating a vascular occlusion by infusing ?uid into the 
occlusion to dilute the occlusion and reduce adhesion of the 
occlusion to the intima of the vessel Wall. 

[0010] It is also an object of the present invention to 
provide apparatus and methods for treating a vascular occlu 
sion by infusing ?uid into the occlusion in a proXimal 
direction so that emboli generated may be urged in the 
proXimal direction. 

[0011] It is a further object of the present invention to 
provide apparatus and methods for treating a vascular occlu 
sion that utiliZe a centering device to assist in positioning 
and stabiliZing an infusion catheter Within the occlusion. 

[0012] These and other objects of the present invention are 
accomplished by providing an infusion catheter having an 
atraumatic tip disposed at the distal end, and at least one 
delivery port disposed proXimal of the atraumatic tip that is 
con?gured to infuse ?uid into the occlusion. The ?uid that 
is infused dilutes and/or fragments the occlusion and reduces 
adhesion of the occlusion to the intima of the vessel Wall. 
This in turn causes the occlusion to dislodge. Emboli gen 
erated in the process are directed into an emboli removal 
catheter for removal via a retrograde ?oW potential provided 
by the emboli removal catheter. The delivery port may 
include an angled taper that directs infused ?uid into the 
occlusion in a proXimal direction. Additionally, a centering 
device may be used in conjunction With the infusion catheter 
to position and stabiliZe the infusion catheter Within the 
occlusion. 

[0013] In a preferred method, the emboli removal catheter 
is disposed in a patient’s vessel proXimal of an occlusion, 
and an occlusive element disposed at the distal end of the 
emboli removal catheter is deployed to occlude antegrade 
?oW into the treatment vessel. Retrograde ?oW then may be 
established through the lumen of the emboli removal cath 
eter, preferably using an arterial-venous shunt, as described 
hereinbeloW. With retrograde ?oW established in the treat 
ment vessel, the infusion catheter is advanced distally 
through the emboli removal catheter, and the atraumatic tip 
of the infusion catheter is advanced through the occlusion. 

[0014] A physician positions the infusion catheter so that 
at least one delivery port is disposed Within the occlusion, 
e.g., under ?uoroscopy using at least one radiopaque marker 
band disposed on the infusion catheter. Fluid is infused into 
the occlusion via the lumen of the infusion catheter and the 
delivery port. The ?uid that is infused, Which preferably 
comprises saline, dilutes the occlusion, Which comprises a 
?brin netWork in Which red blood cells are trapped. The 
dilution of the occlusion may change the composition of the 
occlusion and provide a lubricious coating betWeen the 
occlusion and the vessel Wall, Which in effect reduces 
adhesion of the occlusion to the vessel Wall, thus causing the 
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occlusion to dislodge. Emboli generated during this process 
are carried in a retrograde fashion into the emboli removal 
catheter due to the established retrograde ?oW. In a preferred 
embodiment, the delivery port comprises a taper that causes 
infused ?uid to be directed in a proximal direction so that 
emboli generated may be urged in the proximal direction, 
i.e., toWard the emboli removal catheter. 

[0015] In an alternative embodiment, an infusion catheter 
constructed in accordance With principles of the present 
invention may be used in conjunction With a centering 
device having a plurality of deployable struts. The centering 
device is provided in a contracted state and is disposed 
proximal of the occlusion. The deployable struts then are 
deployed to anchor the centering device, and the infusion 
catheter is guided into a central portion of the occlusion via 
the centering device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Further features of the invention, its nature and 
various advantages Will be more apparent from the accom 
panying draWings and the folloWing detailed description of 
the preferred embodiments, in Which: 

[0017] FIG. 1 provides a side vieW of apparatus con 
structed in accordance With principles of the present inven 
tion; 
[0018] FIG. 2 provides a side vieW of preferred apparatus 
for providing a retrograde ?oW potential in a treatment 
vessel; 
[0019] FIG. 3 provides a side sectional vieW of the device 
of FIGS. 1-2 being used to treat a vascular occlusion; 

[0020] FIG. 4 provides a side vieW of the distal end of an 
infusion catheter constructed in accordance With principles 
of the present invention; 

[0021] FIG. 5 provides a side sectional vieW of apparatus 
of the present invention used in conjunction With a centering 
device; and 

[0022] FIG. 6 provides a cross-sectional vieW of the distal 
end of the centering device of FIG. 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] The present invention is directed to apparatus and 
methods for treating a vascular occlusion by providing an 
infusion catheter having an atraumatic tip and at least one 
delivery port con?gured to infuse ?uid into the occlusion. 
The ?uid that is infused dilutes the occlusion and reduces 
adhesion of the occlusion to the intima of the vessel Wall, 
thereby causing the occlusion to dislodge. Emboli generated 
in the process are directed into an emboli removal catheter 
for safe removal. 

[0024] Referring to FIG. 1, a side vieW of apparatus 
constructed in accordance With principles of the present 
invention is provided. Apparatus 8 of the present invention 
preferably comprises infusion catheter 10 having proximal 
and distal ends and lumen 11 extending therebetWeen. 
Infusion catheter 10 further comprises atraumatic tip 12 
disposed at the distal end. Atraumatic tip 12 preferably 
comprises a platinum coil so that a physician may navigate 
a patient’s vasculature using the coil and further track the 
distal end under ?uoroscopy. 
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[0025] Infusion catheter 10 preferably is con?gured to 
have sufficient axial pushability so that it may cross a lesion 
Without kinking, While being ?exible enough to be guided 
through tortuous vasculature. Removable stylet 19, Which is 
con?gured to be longitudinally advanced Within lumen 11, 
optionally may be disposed Within lumen 11 during insertion 
of infusion catheter 10 to enhance pushability. Alternatively, 
as described hereinbeloW With respect to FIG. 3, infusion 
catheter 10 also may be guided to a treatment site using a 
conventional guideWire in combination With a micro cath 
eter. 

[0026] Infusion catheter 10 further comprises at least one 
delivery port 14 disposed proximal of atraumatic tip 12, as 
shoWn in FIG. 1, and more preferably four or more ports 
spaced circumferentially around infusion catheter 10. Deliv 
ery port 14 is in ?uid communication With lumen 11 of 
infusion catheter 10. As described hereinbeloW With respect 
to FIG. 4, delivery port 14 may be angled so that ?uid exits 
delivery port 14 in a proximal direction. Infusion segment 
‘x’ may be de?ned by a plurality of radiopaque marker 
bands, as shoWn in FIG. 4 hereinbeloW, that alloW a 
physician to better visualiZe Where delivery port 14 is 
disposed Within an occlusion. 

[0027] The proximal end of infusion catheter 10 is coupled 
to proximal hub 16, Which preferably comprises a luer ?tting 
that enables ?uid communication betWeen an infusion 
means, e.g., a syringe (not shoWn), and lumen 11 of infusion 
catheter 10. Proximal hub 16 alternatively may be coupled 
to infusion pump 17, Which alloWs ?uid to be delivered into 
lumen 11 at a controlled rate via tubing 18. 

[0028] Referring noW to FIG. 2, preferred apparatus that 
may be used in conjunction With apparatus 8 of FIG. 1 to 
provide retrograde ?oW potential in a treatment vessel and 
remove emboli is described. In FIG. 2, embolic protection 
apparatus 25 preferably comprises emboli removal catheter 
30 having proximal and distal ends and lumen 31 extending 
therebetWeen, venous return sheath 26, tubing 36 and, 
optionally, blood ?lter 38 and/or ?oW control valve 37. 

[0029] Emboli removal catheter 30 includes distal occlu 
sive element 32, proximal hemostatic port 33, e.g., a Touhy 
Borst connector, in?ation port 35, and blood outlet port 34. 
Tubing 36 couples blood outlet port 34 to ?oW control valve 
37, and also couples ?oW control valve 37 to ?lter 38 and 
blood inlet port 28 of venous return sheath 26. Hemostatic 
port 33 and lumen 31 of emboli removal catheter 30 are 
siZed to permit the advancement of infusion catheter 10 of 
FIG. 1. 

[0030] Venous return sheath 26 includes hemostatic port 
27, blood inlet port 28 and a lumen that communicates With 
ports 27 and 28 and tip 29. Venous return sheath 26 may be 
constructed in a manner per se knoWn for venous introducer 

catheters. Tubing 36 may comprise a suitable length of a 
biocompatible material, such as silicone. Alternatively, tub 
ing 36 may be omitted and blood outlet port 34 of emboli 
removal catheter 30 and blood inlet port 28 of venous return 
sheath 26 may be lengthened to engage either end of ?lter 
38, ?oW control valve 37, or each other. In yet a further 
alternative embodiment, venous return sheath 26 may be 
omitted entirely, and a proximal portion of emboli removal 
catheter 30 may be lengthened so that is adapted to be 
disposed directly into a patient’s venous vasculature. As a 
yet further alternative, venous return sheath 26 and ?lter 38 
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may be omitted. This option may be desirable Where a 
continuous supply of ?uid is provided through apparatus 8 
at a rate sufficient to cause hemodilution. 

[0031] In use, emboli removal catheter 30 is advanced 
over a guide Wire (not shoWn) to a location proXimal of an 
occlusion. Occlusive element 32 then is in?ated via in?ation 
port 35, preferably using a radiopaque contrast solution, and 
the guide Wire may be removed. For an occlusion located in 
a patient’s cerebral vasculature, e.g., a mid-cerebral artery, it 
is preferred that occlusive element 32 be deployed in a 
patient’s common carotid artery (CCA) on the hemisphere 
of the cerebral occlusion. In this scenario, once occlusive 
element 32 is deployed in the CCA, ?oW Within the eXternal 
carotid artery (ECA) reverses and provides antegrade ?oW 
into the internal carotid artery (ICA) due to the loWer 
hemodynamic resistance of the ICA. 

[0032] Venous return sheath 26 then is introduced into the 
patient’s femoral vein, either percutaneously or via a surgi 
cal cut-doWn. Filter 38 and/or ?oW control valve 37 may be 
coupled betWeen blood outlet port 34 of emboli removal 
catheter 30 and blood inlet port 28 of venous return sheath 
26 using tubing 36, and any air is removed from the line. 
Once this circuit is closed, negative pressure in the venous 
sheath during diastole Will establish a loW rate continuous 
?oW of blood through lumen 31 of catheter 30, to the 
patient’s vein via venous return sheath 26. 

[0033] At this time, a loW pro?le balloon (not shoWn) may 
be deployed in the ECA to prevent ?oW from the ECA to be 
carried in an antegrade fashion into the ICA, e.g., using 
apparatus and methods described in applicant’s commonly 
assigned, co-pending US. patent application Ser. No. 
09/972,225. The deployment of the loW pro?le balloon in the 
ECA, in conjunction With the negative pressure in venous 
return sheath 26 during diastole, establishes a retrograde 
?oW dynamic in the ICA and selected cerebral locations. 

[0034] This continuous retrograde ?oW in the ICA due to 
the difference betWeen venous pressure and arterial pressure 
Will continue throughout the interventional procedure. Spe 
ci?cally, blood passes through lumen 31 and blood outlet 
port 34 of emboli removal catheter 30, through biocompat 
ible tubing 36 to ?oW control valve 37 and/or ?lter 38, and 
into blood inlet port 28 of venous return sheath 26, Where it 
is reperfused into the remote vein. Filtered emboli collect in 
?lter 38 and may be studied and characteriZed upon comple 
tion of the procedure. During use, sWitch 39, Which is 
coupled to ?oW control valve 37, may be used to selectively 
inhibit ?uid communication betWeen lumen 31 of emboli 
removal catheter and the lumen of venous return sheath 26. 

[0035] Referring to FIG. 3, a method for using apparatus 
8 of FIG. 1 to treat a vascular occlusion is described. In a 
?rst method step, emboli removal catheter 30 of FIG. 2 may 
be introduced into a patient’s vasculature over a guideWire 
(not shoWn) With occlusive element 32 in a contracted state. 
The distal end of emboli removal catheter 30 then is posi 
tioned at a location proXimal of occlusion S, and occlusive 
element 32 is deployed. Occlusive element 32 preferably 
comprises a balloon, Which is deployed via in?ation port 35 
of FIG. 2. The deployment of occlusive element 32 serves 
to occlude antegrade ?oW into vessel V. Retrograde ?oW is 
provided through lumen 31 of emboli removal catheter 30, 
preferably using the natural aspiration techniques described 
hereinabove With respect to FIG. 2. In this technique, 
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venous return sheath 26 is disposed in a remote vein, and the 
difference betWeen venous and arterial pressure induces a 
substantially continuous level of retrograde ?oW in vessel V. 
The direction of ?oW in treatment vessel V is illustrated by 
the arroWs in FIG. 3, Which is toWard emboli removal 
catheter 30. For an occlusion S residing in a patient’s 
cerebral vasculature, e.g., a middle cerebral artery, it is 
preferred that occlusive element 32 is deployed in a patient’s 
common carotid artery. 

[0036] With controlled ?oW provided in treatment vessel 
V, an infusion means, e.g., a syringe (not shoWn) or, alter 
natively, tubing 18 of infusion pump 17 of FIG. 1, then is 
coupled to proXimal hub 16. The infusion means preferably 
supplies saline, but alternatively may supply lytic agents. 
With the infusion means coupled to proXimal hub 16, 
infusion catheter 10 is advanced distally through hemostatic 
port 33 and lumen 31 of emboli removal catheter 30. 
Infusion catheter 10 is guided distally via atraumatic tip 12 
to the treatment site. With retrograde ?oW established in 
vessel V, atraumatic tip 12 is advanced distally through 
occlusion S, as shoWn in FIG. 3. 

[0037] In an alternative method step, infusion catheter 10 
may be guided through occlusion S using a guideWire and 
micro catheter (not shoWn). In this method step, after 
deploying occlusive element 32 of emboli removal catheter 
32 and establishing retrograde ?oW in treatment vessel V, a 
conventional guideWire (not shoWn) then traverses occlu 
sion S. A micro catheter (not shoWn), having an inner 
diameter larger than the outer diameter of infusion catheter 
10, then is advanced over the guideWire through lumen 31 
and through occlusion S. The guideWire then is removed 
from Within the micro catheter, and infusion catheter 10 is 
advanced distally through the micro catheter to a location 
distal of the occlusion. The micro catheter is removed, 
leaving the infusion catheter positioned as shoWn in FIG. 3. 

[0038] Although infusion catheter 10 preferably is con 
structed so that it comprises aXial pushability characteristics 
similar to a conventional guideWire, removable stylet 19 
optionally may be disposed Within lumen 11 to further 
enhance pushability of infusion catheter 10. If removable 
stylet 19 is used, then the infusion means, e.g., tubing 18 of 
infusion pump 17, is coupled to proXimal hub 16 after 
removable stylet 19 is removed from Within lumen 11. 

[0039] The distal end of infusion catheter 10 then prefer 
ably is positioned so that at least one delivery port 14 is 
disposed Within occlusion S. Proximal and distal radiopaque 
markers 47 and 49, Which are described hereinbeloW With 
respect to FIG. 4, may be used to facilitate positioning of 
delivery port 14 Within occlusion S. At this time, ?uid 20 
may be delivered to delivery port 14 at a desired pressure via 
infusion pump 17 coupled to lumen 11. Fluid 20 eXits 
through delivery port 14, as shoWn in FIG. 3. 

[0040] Infusion of ?uid 20 dilutes and/or fragments occlu 
sion S, Which typically comprises a ?brin netWork in Which 
red blood cells are trapped. The dilution of occlusion S is 
expected to alter the composition of occlusion S and provide 
a lubricious coating betWeen the occlusion and the vessel 
Wall. This reduces adhesion of occlusion S to the intima of 
vessel V, and eventually causes occlusion S to dislodge. 
Emboli E generated during the procedure Will be directed 
toWard emboli removal catheter 30 for removal due to the 
retrograde ?oW established. 
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[0041] In a preferred embodiment, delivery port 14 may 
comprise an angled taper, as shown in FIG. 4 hereinbeloW, 
to infuse ?uid 20 into occlusion S in a proximal direction, as 
shoWn in FIG. 3. Additionally, during the period in Which 
?uid 20 is infused into occlusion S and emboli E are 
liberated, suction-assisted aspiration may be provided 
through lumen 31, e.g., using a syringe (not shoWn) coupled 
to the proximal end of emboli removal catheter 30, to assist 
in directing emboli E into lumen 31. 

[0042] Infusion catheter 10 may be repositioned during the 
infusion of ?uid 20 to target selected regions Within occlu 
sion S. Once occlusion S has been satisfactorily dislodged, 
infusion catheter 10 may be retracted proximally into lumen 
31 of emboli removal catheter 30 and removed from the 
patient’s vessel. Emboli removal catheter 30 may still pro 
vide retrograde ?oW in vessel V for a desired time thereafter, 
to ensure that all emboli E are removed. Upon completion of 
the procedure, occlusive element 32 is contracted and 
emboli removal catheter 30 is removed from the patient’s 
vessel. 

[0043] Referring noW to FIG. 4, a side vieW of a distal end 
of an infusion catheter constructed in accordance With the 
present invention is described. Infusion catheter 40 having 
proximal and distal ends and lumen 41 extending therebe 
tWeen comprises atraumatic tip 42 disposed at the distal end. 
Infusion catheter 40 is constructed in accordance With 
infusion catheter 10 of FIG. 1, except as noted beloW. 

[0044] In FIG. 4, infusion catheter 40 comprises at least 
one delivery port 44 disposed proximal of atraumatic tip 42. 
Infusion catheter 40 further comprises at least one radio 
paque marker band disposed proximal of atraumatic tip 42 
to aid in positioning delivery port 44 Within an occlusion. In 
a preferred embodiment, delivery port 44 is disposed 
betWeen proximal radiopaque marker band 47 and distal 
radiopaque marker band 49. Proximal and distal radiopaque 
marker bands 47 and 49 may be used to de?ne infusion 
segment ‘x’, Which alloWs a physician to visualiZe the region 
in Which delivery port 14 is disposed Within an occlusion 
under ?uoroscopy. 

[0045] At least one delivery port 44 is disposed in a lateral 
Wall of the infusion catheter to cause ?uid infused into the 
occlusion to form a jet having a trajectory that forms an 
oblique angle relative to a longitudinal axis of the catheter. 
This orientation of delivery port 44 is referred to hereinafter 
as an “angled taper.” The angled taper enhances the dilution 
of the occlusion and/or urges emboli in a proximal direction. 
In a preferred embodiment, at least one delivery port 44 
comprises proximal taper 45, Which causes ?uid 50 to be 
infused in a proximal direction, as shoWn in FIG. 4. By 
causing ?uid 50 to be infused into an occlusion in a proximal 
direction, emboli generated during the disruption of the 
occlusion may be urged in the proximal direction. It Will be 
appreciated by those skilled in the art that While delivery 
port 44 is depicted as having a circular con?guration in FIG. 
4, delivery port 44 alternatively may comprise an elliptical 
shape or other con?guration that may in?uence the infusion 
properties of ?uid 50. 

[0046] Referring noW to FIG. 5, a side sectional vieW of 
a centering device that may be used in conjunction With an 
infusion catheter of the present invention is provided. Cen 
tering device 60, Which has proximal and distal ends and 
lumen 61 extending therebetWeen, E comprises a plurality of 
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deployable struts 62 disposed at the distal end, as shoWn in 
FIG. 5. Deployable struts 62 preferably are provided in a 
contracted state When constrained Within outer sheath 63 
having proximal and distal ends and a lumen extending 
therebetWeen. Deployable struts 62 preferably comprise a 
shape memory material, such as a Nickel-Titanium alloy, 
that causes deployable struts 62 to self-deploy to a prede 
termined shape When outer sheath 63 is retracted proximally. 
As shoWn from a cross-sectional vieW in FIG. 6, deployable 
struts 62 preferably are symmetrically disposed about cen 
tering device 60, and further are siZed to engage the inner 
Wall of treatment vessel V in the deployed state. 

[0047] Centering device 60 preferably is used in conjunc 
tion With emboli removal catheter 30 and infusion catheter 
40. In this embodiment, the outer diameter of outer sheath 63 
is smaller than the inner diameter of lumen 31 of emboli 
removal catheter 30, While the inner diameter of lumen 61 
of centering device 60 is larger than the outer diameter of 
infusion catheter 40. 

[0048] In use, emboli removal catheter 30 is disposed in a 
patient’s vessel proximal of an occlusion and retrograde 
?oW is established through lumen 31, as described herein 
above With respect to FIG. 2. A guideWire (not shoWn) then 
is positioned at a location just proximal of occlusion S. 
Centering device 60, having deployable struts 62 provided 
in a contracted state Within outer sheath 63, is advanced 
distally over the guideWire to a location just proximal of 
occlusion S. Outer sheath 63 then is retracted proximally to 
self-deploy deployable struts 62, as shoWn in FIG. 5. At this 
time, the guideWire is removed from Within lumen 61 of 
centering device 60. 

[0049] With centering device 60 deployed just proximal of 
occlusion S, infusion catheter 40 then is distally advanced 
through lumen 61 of centering device 60. Atraumatic tip 42 
traverses occlusion S, guided by centering device 60, so that 
it crosses occlusion S along a central axis, as shoWn in FIG. 
5. Removable stylet 19 of FIG. 1 optionally may be dis 
posed Within lumen 41 to enhance pushability of infusion 
catheter 40 during placement. Proximal and distal radio 
paque marker bands 47 and 49 may be used to position 
delivery port 44 at a desired location Within occlusion S. 

[0050] At this time, ?uid 50, Which preferably comprises 
saline, may be delivered to delivery port 44 via lumen 41 and 
proximal hub 16 of FIG. 1, e.g., using tubing 18 of infusion 
pump 17 or, alternatively, a syringe (not shoWn). Angled 
taper 45 of delivery port 44 preferably causes ?uid 50 to be 
infused into occlusion S in a proximal direction. As 
described hereinabove With respect to FIG. 3, the infusion 
of ?uid dilutes the occlusion. The dilution of the occlusion 
may alter the composition of the occlusion and provide a 
lubricious coating betWeen the occlusion and the vessel 
Wall, Which reduces adhesion of the occlusion to the intima 
of the vessel Wall and causes the occlusion to dislodge. 
During the infusion process, centering device 60 serves to 
stabiliZe infusion catheter 40 in a central position Within 
vessel V. The pressure at Which ?uid 50 is infused may be 
controlled or monitored by a physician, e.g., using pressure 
regulating device 17 of FIG. 1. 

[0051] Any emboli E generated during the infusion of 
?uid 50 are directed in a retrograde fashion toWard emboli 
removal catheter 30 due to the previously established ret 
rograde ?oW. Because deployable struts 62 do not fully 
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occlude the vessel When deployed, as shown in FIG. 6, 
retrograde blood How and emboli E are directed past deploy 
able struts 62 and toWard emboli removal catheter 30. 

[0052] When occlusion S has been satisfactorily disrupted, 
infusion catheter 40 may be retracted proximally through 
lumen 61 of centering device 60. A contrast agent may be 
delivered to the treatment site, e.g., via lumen 61, to check 
vessel patency under ?uoroscopy. When patency is 
adequately restored, outer sheath 63 may be advanced 
distally over centering device 60 to collapse deployable 
struts 62 Within sheath 63. Centering device 60 and outer 
sheath 63 then may be removed from the patient’s vessel 
and, subsequently, emboli removal catheter 30 may be 
removed from the patient’s vessel. 

[0053] While preferred illustrative embodiments of the 
invention are described above, it Will be apparent to one 
skilled in the art that various changes and modi?cations may 
be made therein Without departing from the invention. The 
appended claims are intended to cover all such changes and 
modi?cations that fall Within the true spirit and scope of the 
invention. 

1. Apparatus suitable for disrupting a vascular occlusion 
adhered to a vessel Wall, the apparatus comprising: 

an infusion catheter having proximal and distal ends and 
a lumen extending therebetWeen, an atraumatic tip 
disposed at the distal end, and at least one delivery port 
disposed proximal of the atraumatic tip in ?uid com 
munication With the lumen, 

Wherein the infusion catheter is con?gured to infuse ?uid 
into the occlusion so that the ?uid reduces adhesion of 
the occlusion to an intima of the vessel Wall. 

2. The apparatus of claim 1 Wherein the atraumatic tip 
comprises a platinum coil. 

3. The apparatus of claim 1 Wherein at least one delivery 
port delivers a jet of ?uid that forms an oblique angle 
relative to a longitudinal axis of the infusion catheter. 

4. The apparatus of claim 3 Wherein the delivery port 
causes ?uid to be ejected in a proximal direction. 

5. The apparatus of claim 1 Wherein the delivery port 
comprises a circular con?guration. 

6. The apparatus of claim 1 Wherein the infusion catheter 
further comprises at least one radiopaque marker band 
disposed proximal of the atraumatic tip. 

7. The apparatus of claim 6 Wherein a ?rst radiopaque 
marker band is disposed proximal of the delivery port and a 
second radiopaque marker band is disposed distal of the 
delivery port. 

8. The apparatus of claim 1 Wherein the ?uid is saline. 
9. The apparatus of claim 1 further comprising a remov 

able stylet that is con?gured to be longitudinally advanced 
Within the lumen of infusion catheter. 

10. The apparatus of claim 1 further comprising an 
infusion pump con?gured to regulate the pressure of ?uid 
infused into the lumen of the infusion catheter. 

11. The apparatus of claim 1 further comprising an emboli 
removal catheter having proximal and distal ends and a 
lumen extending therebetWeen, and further comprising an 
occlusive element disposed at the distal end, Wherein the 
lumen of the emboli removal catheter is siZed to permit the 
longitudinal advancement of the infusion catheter. 
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12. The apparatus of claim 11 Wherein the lumen of the 
emboli removal catheter is in ?uid communication With a 
patient’s venous system. 

13. The apparatus of claim 11 further comprising a venous 
return sheath having proximal and distal ends and a lumen 
extending therebetWeen, Wherein the venous return sheath is 
in ?uid communication With the lumen of the emboli 
removal catheter and is adapted to be disposed in a patient’s 
venous system. 

14. The apparatus of claim 13 further comprising a valve 
disposed betWeen the emboli removal catheter and the 
venous return sheath, Wherein the valve is con?gured to 
selectively inhibit ?uid communication betWeen the lumen 
of the emboli removal catheter and the lumen of the venous 
return sheath. 

15. The apparatus of claim 14 further comprising a ?lter 
disposed betWeen the emboli removal catheter and the 
venous return sheath. 

16. Apparatus suitable for treating an occlusion adhered to 
a vessel Wall, the apparatus comprising: 

an infusion catheter having proximal and distal ends and 
a lumen extending therebetWeen, an atraumatic tip 
disposed at the distal end, and at least one delivery port 
disposed proximal of the atraumatic tip in ?uid com 
munication With the lumen; and 

a centering device having proximal and distal ends and a 
lumen extending therebetWeen, the centering device 
comprising a plurality of deployable struts disposed at 
the distal end, the lumen adapted to permit the infusion 
catheter to pass therethrough, 

Wherein the infusion catheter is con?gured to infuse ?uid 
into the occlusion so that the ?uid reduces adhesion of 
the occlusion to an intima of the vessel Wall. 

17. The apparatus of claim 16 further comprising an outer 
sheath having proximal and distal ends and a lumen extend 
ing therebetWeen, the outer sheath being con?gured to 
constrain the deployable struts in a contracted state Within 
the outer sheath. 

18. The apparatus of claim 16 Wherein the deployable 
struts are siZed to engage the vessel Wall in a deployed state. 

19. The apparatus of 16 Wherein the deployable struts 
comprise a nickel-titanium alloy. 

20. The apparatus of claim 16 Wherein at least one 
delivery port delivers a jet of ?uid that forms an oblique 
angle relative to a longitudinal axis of the infusion catheter. 

21. The apparatus of claim 20 Wherein the delivery port 
causes ?uid to be ejected in a proximal direction. 

22. The apparatus of claim 16 Wherein the infusion 
catheter further comprises at least one radiopaque marker 
band disposed proximal of the atraumatic tip. 

23. The apparatus of claim 22 Wherein a ?rst radiopaque 
marker band is disposed proximal of the delivery port and a 
second radiopaque marker band is disposed distal of the 
delivery port. 

24. The apparatus of claim 16 further comprising an 
emboli removal catheter having proximal and distal ends 
and a lumen extending therebetWeen, and further comprising 
an occlusive element disposed at the distal end, Wherein the 
lumen of the emboli removal catheter is siZed to permit the 
longitudinal advancement of the centering device. 

25. Amethod for treating an occlusion adhered to a vessel 
Wall, the method comprising: 
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providing an infusion catheter having proximal and distal 
ends, a lumen extending therebetWeen, an atraumatic 
tip disposed at the distal end, and at least one delivery 
port disposed proximal of the atraumatic tip in ?uid 
communication With the lumen; 

advancing the atraumatic tip through the occlusion; 

positioning the delivery port at a desired location Within 
the occlusion; and 

infusing ?uid into the occlusion via the delivery port so 
that the ?uid reduces adhesion of the occlusion to an 
intima of the vessel Wall. 

26. The method of claim 25 Wherein positioning the 
delivery port at a desired location Within the occlusion 
comprises: 

providing at least one radiopaque marker band disposed 
on the infusion catheter at a location proximal of the 
atraumatic tip; and 

using the radiopaque marker band to determine the posi 
tion of the delivery port Within the occlusion. 

27. The method of claim 25 Wherein ?uid is infused into 
the occlusion at a controlled pressure using an infusion 
pump. 

28. The method of claim 25 further comprising: 

providing an emboli removal catheter having proximal 
and distal ends and a lumen extending therebetWeen, 
and further comprising an occlusive element disposed 
at the distal end, Wherein the lumen of the emboli 
removal catheter is siZed to permit the longitudinal 
advancement of the infusion catheter; 

Oct. 9, 2003 

deploying the occlusive element to occlude antegrade 
?oW in a vessel; 

establishing retrograde ?oW through the lumen of the 
emboli removal catheter to in?uence ?oW characteris 
tics in a treatment vessel; and 

causing emboli generated during the infusion of ?uid into 
the occlusion to be directed into the emboli removal 
catheter. 

29. The method of claim 25 Wherein ?uid is infused into 
the occlusion in a proximal direction. 

30. The method of claim 25 further comprising: 

providing a centering device having proximal and distal 
ends, a lumen extending therebetWeen, and a plurality 
of deployable struts disposed at the distal end in a 
contracted state; 

positioning the centering device at a location proximal of 
the occlusion; 

deploying the plurality of deployable struts; and 

advancing the infusion catheter through the lumen of the 
centering device. 

31. The method of claim 25 Wherein deploying the 
plurality of deployable struts comprises proximally retract 
ing an outer sheath that is used to constrain the deployable 
struts in the contracted state. 


